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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a three- 
dimensional diffraction optical device capable of 
producing a diffraction optical device having high 
performance in optical glass by three-dimensionally 
distributing a permanent refractive index variation. 
SOLUTION: A three-dimensional diffraction grating 2 as 
a three-dimensional refractive index distribution 13 to be 
written in optical glass 1 is generated by using a 
permanent refractive index variation or an optical 
damage caused by multiphoton absorption of an 
ultrashort pulse laser beam 1 1 having a pulse width of 1 
nanosecond-1-femto-second and a wave length of 200 
nm-2000 nm to the optical glass 1 . By this method, the 
permanent refractive index variation is three- 
dimensionally distributed and a high performance diffractive optical element is produced in the 
optical glass. And the three-dimensional refractive index distribution can be generated, and by 
this degree of freedom e.g. an optionally shaped three-dimensional Bragg diffraction grating is 
designed by a computer and produced, furthermore and a symmetrical diffraction 
phenomenon and high diffractive efficiency being characteristics of a heaped type of 
diffraction grating are obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The three-dimension-diffraction optical element characterized by having the-like 3- 
dimensional distribution [ refractive-index ] written in into the aforementioned optical glass using the 
permanent refractive-index change by the multiple photon absorption of a 2000nm ultrashort-pulse laser 
beam, or an optical injury from the wavelength with the pulse width of 1 nanosecond to the lfemto 
second to optical glass of 200nm. 

[Claim 2] It is the three-dimension-diffraction optical element characterized by the aforementioned 
optical glass being a silica glass in a three-dimension-diffraction optical element according to claim 1 . 
[Claim 3] The three-dimension-diffraction optical element which the aforementioned silica glass is made 
to contain hydrogen gas, and is characterized by the bird clapper in a three-dimension-diffraction optical 
element according to claim 1 . 

[Claim 4] It is the three-dimension-diffraction optical element characterized by the aforementioned 
optical glass being a soda glass of breakage-proof nature in a three-dimension-diffraction optical 
element according to claim 1 . 

[Claim 5] It is the three-dimension-diffraction optical element characterized by the aforementioned 
optical glass being optical plastics in a three-dimension-diffraction optical element according to claim I.a 

[Claim 6] It is the three-dimension-diffraction optical element characterized by aforementioned optical 
plus CHISSU being an acrylic in a three-dimension-diffraction optical element according to claim 5. 
[Claim 7] (a) The manufacture method of the three-dimension-diffraction optical element characterized 
by making the-like 3 -dimensional distribution [ refractive-index ] which irradiate a 2000nm ultrashort- 
pulse laser beam from the wavelength of 200nm which has the pulse width of a lfemto second in optical 
glass from 1 nanosecond, and the (b) aforementioned optical glass is made to produce the permanent 
refractive-index change by the multiple photon absorption of the aforementioned ultrashort-pulse laser 
beam, or an optical injury, and is written in into the (c) aforementioned optical glass generate. 
[Claim 8] The manufacture method of the three-dimension-diffraction optical element characterized by 
making the-like 3 -dimensional distribution [ refractive-index ] in which the aforementioned ultrashort- 
pulse laser beam is written by scan into the aforementioned optical glass generate in the manufacture 
method of a three-dimension-diffraction optical element according to claim 7. 
[Claim 9] The manufacture method of a three-dimension-diffraction optical element that the 
aforementioned-like 3 -dimensional distribution [ refractive-index ] is characterized by being a Bragg 
diffraction grid in the manufacture method of a three-dimension-diffraction optical element according to 
claim 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a three-dimension-diffraction 
optical element and its manufacture method, especially relates to the three-dimension-diffraction optical 
element and its manufacture method in the glass by ultrashort-pulse laser beam processing. 
[0002] 

[Description of the Prior Art] Use of the diffraction optical element which can obtain arbitrary amplitude 
or intensity distributions is going to diffracting space by having by the computer and drawing an 
amplitude or a phase object pattern on a two-dimensional flat surface now. This diffraction optical 
element has the versatility which is not in an old optical element, and is applied in the various directions, 
such as pickup optical system of CD. 
[0003] 

[Problem(s) to be Solved by the Invention] However, for such a conventional diffraction optical 
element, since all are developed on the two-dimensional flat surface or the curved surface, the flexibility 
is a low. Moreover, amendment of chromatic aberration cannot be performed. Furthermore, diffraction 
efficiency is a low. Moreover, there was a problem that the signal path which connects a specific point 
and a specific point could not be constituted etc. 

[0004] And since processing of these diffraction optical element is restricted on the flat surface or the 
curve, a limitation is in the performance naturally. It is impossible to remove at least the wavelength 
dependency of the diffraction optical element written on one flat surface. In the case of a diffraction 
optical element with this point and three-dimension-structure, it is easy to attain 100% of diffraction 
efficiency. Furthermore, an optical element with little various aberration containing chromatic aberration 
is producible using the flexibility of 3 -dimensional one. 

[0005] Although spatial concentration of electromagnetic energy is the foundations of optical 
processing, it uses a ultrashort-pulse laser beam etc. for the light source, and the use of a nonlinear effect 
of it is attained by spatial time concentration of power density. Moreover, the example of the writing of 
the bit of optical memory or the writing of a straight-line waveguide is already reported using the 
permanent refractive-index change by irradiation of the super-** laser pulsed light to the inside of 
optical glass (laser research, volume [ 26th ] No. 2, optical induction refractive-index change" inside the 
glass by P.150-154"ultrashort-pulse laser, February, 1998). 

[0006] this invention develops such advanced technology, distributes permanent refractive-index change 
in three dimensions, and aims at offering the three-dimension-diffraction optical element which can 
produce the diffraction optical element which has high performance in optical glass, and its manufacture 
method. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, it is made for this 
invention to have the-like 3 -dimensional distribution [ refractive-index ] written in into the 
aforementioned optical glass in [1] three-dimension-diffraction optical element using the permanent 
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refractive-index change by the multiple photon absorption of a 2000nm ultrashort-pulse laser beam, or 
an optical injury from the wavelength with the pulse width of 1 nanosecond to the lfemto second to 
optical glass of 200nm. 

[0008] [2] In the three-dimension-diffraction optical element of the above-mentioned [1] publication, the 
aforementioned optical glass is a silica glass. 

[3] Make the aforementioned silica glass come to contain hydrogen gas in the three-dimension- 
diffraction optical element of the above-mentioned [1] publication. 

[4] In the three-dimension-diffraction optical element of the above-mentioned [1] publication, the 
aforementioned optical glass is a soda glass of breakage-proof nature. 

[0009] [5] In the three-dimension-diffraction optical element of the above-mentioned [1] publication, the 
aforementioned optical glass is optical plastics. 

[6] In the three-dimension-diffraction optical element of the above-mentioned [5] publication, the 
aforementioned optical plastics are acrylics. 

[7] Irradiate a 2000nm ultrashort-pulse laser beam from the wavelength of 200nm which has the pulse 
width of a lfemto second in optical glass from 1 nanosecond, make the aforementioned optical glass 
produce the permanent refractive-index change by the multiple photon absorption of the aforementioned 
ultrashort-pulse laser beam, or an optical injury, and make it make the-like 3-dimensional distribution 
[ refractive-index ] written in into the aforementioned optical glass generate in the manufacture method 
of a three-dimension-diffraction optical element. 

[0010] [8] Make it make the-like 3-dimensional distribution [ refractive-index ] in which the 
aforementioned ultrashort-pulse laser beam is written by scan into the aforementioned optical glass 
generate in the manufacture method of the three-dimension-diffraction optical element the above- 
mentioned [7] publication. 

[9] In the manufacture method of the three-dimension-diffraction optical element the above-mentioned 
[7] publication, the aforementioned-like 3-dimensional distribution [ refractive-index ] is a Bragg 
diffraction grid. 
[0011] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained, this 
invention has the pulse width of lnano or a lfemto second, condenses the wavelength of 200nm, or a 
2000nm ultrashort-pulse laser beam in transparent optical glass, such as optical plastics, such as a silica 
glass, a soda glass, and an acrylic, and produces diffraction optical elements over which the refractive 
index is distributed in three dimensions, such as a Bragg diffraction grid, in optical glass by generating 
the change or the optical injury on a permanent refractive index by the multiple photon absorption. 
[0012] Drawing 1 is the ** type view showing the manufacture method of the three-dimension- 
diffraction optical element concerning this invention. In this drawing, it is the 3-dimensional diffraction 
grating as a-like 3-dimensional distribution [ refractive-index ] with which 1 is written in the optical 
glass as bulk, and 2 is written in into the optical glass. It has the pulse width of lnano or a lfemto 
second, the wavelength of 200nm or the 2000nm ultrashort-pulse laser beam 1 1 is irradiated through a 
condenser lens 12 at optical glass 1, and the-like 3-dimensional distribution [ refractive-index ] 13 
written in into optical glass 1 is made to generate here using the permanent refractive-index change or 
the optical injury by the multiple photon absorption on this ultrashort-pulse laser beam 1 1 . In addition, 
in drawing 1 , 14 shows the raster scan of a beam (lens). 

[0013] [Example 1] The titanium sapphire laser pulse by which the wavelength of 800nm, 0.1 
picoseconds, and the 1mm joule were amplified in the silica glass was condensed, and the regular Bragg 
diffraction grid with 1mm of every direction, a period [ of 3 micron ], and a depth of about 30 microns 
was produced by scanning a condensing point. 

[0014] In this example, although the scan of the depth direction was not performed, if it scans in the 
depth direction, manufacture of a more thick 3-dimensional diffraction grating will be attained. 
Moreover, if a curve-scan is performed, it is also possible to add the function of a lens. Thus, as shown 
in drawing 2 , when the 3rd order-diffraction grating 2 of the produced three-dimension-diffraction 
optical element was irradiated by the helium-Ne laser beam 21, the unsymmetrical diffraction 
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phenomena which are the features of a volume type diffraction grating were able to be checked. In 
addition, in drawing 2 , 22 is the diffracted light and 23 is the non-diffracted light. 
[0015] Still, diffraction efficiency is low, and although the present place is several %, it is theoretically 
possible to attain 100% of diffraction efficiency by optimization of laser beam intensity, write-in 
conditions, and the method of a scan. Thus, according to this example, the unsymmetrical diffraction 
development which is the feature of a volume type diffraction grating, and high diffraction efficiency 
can be obtained. 

[0016] Although diffraction efficiency is several %, the present place can attain 100% of diffraction 
efficiency by some devices, as already stated. In addition, improvement in the write-in sensitivity of a 
super-** laser beam can be aimed at by making hydrogen gas contain in a silica glass. 
[Example 2] As optical glass, also in a scholarly journal report etc., the example which writes in many 
spots of the diameter of number MIKUROMU is shown, and, in the case of the sorter glass of breakage- 
proof nature, application to it is also considered. 

[0017] [Example 3] As optical glass, also in the society report of the 1970s, the example of the writing 
of a waveguide and a volume type diffraction grating is shown, and, in the case of optical plastics, such 
as an acrylic, application to it is also considered, according to [ as described above ] the manufacture 
method of this three-dimension-diffraction optical element - a-like 3 -dimensional distribution 
[ refractive-index ]„********__ production of the 3 -dimensional Bragg diffraction grid of the 
arbitrary configuration which things were made and was designed by the computer with this flexibility is 
possible If it puts in another way, with the diffraction element of this invention using 3 -dimensional 
space, this flexibility has the flexibility of the 3 -dimensional space itself. The flexibility of the point and 
a lens is restricted to a surface curved surface, i.e., the spherical surface. 

[0018] In an optical-instrument field, application of latus enclosures, such as an interferometer and a 
living body light metering device, is possible for the three-dimension-diffraction optical element of this 
invention in an optical-transmission swap device, wavelength-multiplex-optical-telecommunications 
equipment, and an optical measurement field in a general chemistry device, image formation equipment 
(camera), and an optical-communication field. Moreover, the combination of the three-dimension- 
diffraction optical element of this invention and a lens is also considered, and many uses can be 
considered. For example, it is also possible to write in a 3 -dimensional diffraction grating into the 
conventional lens, for example, it can use for focus detection and a photometry of a photographic lens. 
Furthermore, it can also be made a double focus. 

[0019] Moreover, the application to security and a code can be considered as the directions. For 
example, it is possible to be a 3 -dimensional hologram and to write ID (personal identification number) 
etc. in the portion of small glass etc. Since information capacity turns into large capacity, various 
application is possible. In addition, this invention is not limited to the above-mentioned example, and 
based on the meaning of this invention, various deformation is possible for it and it does not eliminate 
these from the range of this invention. 
[0020] 

[Effect of the Invention] As mentioned above, according to this invention, the following effects can be 
done so as explained in detail. 

(A) Permanent refractive-index change can be distributed in three dimensions, and the diffraction optical 
element which has high performance can be produced in optical glass. 

[0021] (B) a-like 3 -dimensional distribution [ refractive-index ]„********__ production of the 3- 
dimensional Bragg diffraction grid of the arbitrary configuration which things were made and was 
designed by the computer with this flexibility is possible 

(C) The unsymmetrical diffraction development which is the feature of a deposited type diffraction 
grating, and high diffraction efficiency can be obtained. 
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